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1. Introduction

In this contribution we provide preliminary link budget calculations for NR downlink and uplink data/control channels. Specifically we provide MCL analysis using IMT-2020 recommended format. 
2. Methodology
In general we follow the methodology prescribed in M.2411 which is quite similar to the methodology used for IMT-A submission. One aspect where NR is different from LTE is the ability of utilizing different sub-carrier spacings. Therefore it is of interest to observe link budget differences with different sub-carrier spacings. In the following, we determine MCL at 4GHz with 15 kHz and 30 kHz sub-carrier spacings with reference to Dense Urban scenario. A high level summary of the key parameters are shown in Table 1.
Table 1: Summary of key parameters

	Parameter
	Comments 

	Scenario
	MCL analysis is provided with no pathloss models, IMT eMBB Dense Urban is used as reference whenever applicable

	Carrier frequency
	4GHz, TDD, 20MHz BW

	SCS
	15kHz, 30kHz

	Channel model
	TDL, 100ns DS, 30kmph

	DL control
	NR PDCCH, DCI format 1-0, AL 16

	DL data bitrate
	6 Mbps with ~50% downlink slot occupancy

	DL target SE
	~0.63 (15kHz), ~0.65 (30kHz)

	UL control
	NR PUCCH, format 1 (long PUCCH with 14 OFDM symbols), 1 bit

	UL data bitrate
	0.6 Mbps with ~50% uplink slot occupancy

	UL target SE
	~0.42 (8 PRB@30kHz, 16PRB@15kHz)

	Antenna
	128 transmit/receive antenna elements at gNB, 1 or 2 transmit and 4 receive at UE  


3. MCL calculation
Table 2 shows the MCL calculation which is according to the link budget calculation worksheet recommendations from M.2411 with some of the rows that are not applicable for MCL removed.
Table 2: MCL calculation worksheet

	Item
	Downlink
	Uplink

	System configuration
	15 KHz
	30 KHz
	15 KHz
	30 KHz

	Carrier frequency (GHz)
	4
	4
	4
	4

	BS antenna heights (m)
	
	
	
	

	UT antenna heights (m)
	
	
	
	

	Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )
	
	
	
	

	Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )
	
	
	
	

	Transmission bit rate for control channel (bit/s)
	64000
	128000
	1000
	2000

	Transmission bit rate for data channel (bit/s)
	6000000
	6000000
	600000
	600000

	Target packet error rate for the required SNR in item (19a) for control channel
	1%
	1%
	1%
	1%

	Target packet error rate for the required SNR in item (19b) for data channel
	10%
	10%
	10%
	10%

	Spectral efficiency (bit/s/Hz)
	0.63
	0.65
	0.42
	0.42

	Pathloss model (select from LoS or NLoS)
	
	
	
	

	Mobile speed (km/h)
	30
	30
	30
	30

	Feeder loss (dB)
	2
	2
	2
	2

	Transmitter
	15 KHz
	30 KHz
	15 KHz
	30 KHz

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	128
	128
	1 (Control)

2 (Data)
	1 (Control)

2 (Data)

	(2) Maximal transmit power per antenna (dBm)
	23
	23
	23
	23

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	44
	44
	23
	23

	(4) Transmitter antenna gain (dBi)
	8
	8
	0
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	18
	18
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0
	0
	0
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	3
	1
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	67
	67
	22
	22

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	67
	67
	22
	22

	Receiver
	15 KHz
	30 KHz
	15 KHz
	30 KHz

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	4
	128
	128

	(11) Receiver antenna gain (dBi)
	0
	0
	8
	8

	(11a) Receiver array gain (dB)
	3
	3
	18
	18

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	1
	3
	3

	(13) Receiver noise figure (dB)
	7
	7
	5
	5

	
	
	

	
	
	

	TABLE 1 (cont.)

	Item
	Downlink
	Uplink

	Receiver (cont.)
	15 KHz
	30 KHz
	15 KHz
	30 KHz

	(14) Thermal noise density (dBm/Hz)
	–174
	-174
	–174
	-174

	(15a) Receiver interference density for control channel (dBm/Hz) 
	-174.9
	-174.9
	-174.9
	-174.9

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-174.9
	-174.9
	-174.9
	-174.9

	(16a) Total noise plus interference density for control channe
        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz
	-166.3
	-166.3
	-168
	-168

	(16b) Total noise plus interference density for data channel
        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz
	-166.3
	-166.3
	-168
	-168

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
	8640000
	17280000
	180000
	360000

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
	19080000
	18360000
	2880000
	2880000

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	-97
	-94
	-115.5
	-112.4

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	-93.5
	-93.7
	-103.4
	-103.4

	(19a) Required SNR for the control channel (dB) 
	-8
	-8
	-12
	-12

	(19b) Required SNR for the data channel (dB) 
	-0.7
	-0.3
	2.1
	2.1

	(20) Receiver implementation margin (dB)
	2
	2
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18a) + (19a) + (20) – (21a)  dBm
	-103
	-100
	-125.5
	-122.4

	(22b) Receiver sensitivity for data channel 

         = (18b) + (19b) + (20) – (21b)  dBm
	-92.7
	-92.5
	-99.8
	-99.8

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)  + (11a)  dB
	173.1
	170
	173.5
	170.5

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b) + (11a)  dB
	162.8
	162.6
	147.9
	147.9


4. Conclusions
In this paper, we presented initial MCL analysis for NR control and data channels. With 67 dBm downlink EIRP, 6Mbps (approximately 3 times of IMT-A) data-rate can be supported in excess of 162 dB MCL. In the uplink, 600 kbps data-rate (approximately 3 times of IMT-A) can be supported with greater than 147 dB MCL. 
We also observe from Table 2 that for downlink and uplink control channels, 3dB of MCL gain can be achieved with 15 kHz compared to 30 kHz (by effectively halving the control channel bitrate). For data channels with a given bitrate, there is no significant difference between the achieved MCL values with 15 kHz and 30 kHz subcarrier spacing. 
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